The identity of the inner ear's transduction channel has bedeviled auditory neuroscientists for decades. In this issue of Neuron, Pan et al. (2018) report the most convincing evidence to date implicating the transmembrane channel-like (TMC) proteins as forming the pore of the transduction channel.
Nearly forty years ago, Jim Hudspeth and David Corey coined the term ''transduction channel'' to refer to a sensory hair cell's membrane pore, presumably an ion-channel protein, that was opened by mechanical stimuli and that selectively admitted cations to generate a receptor potential (Corey and Hudspeth, 1979a; Corey and Hudspeth, 1979b) . While biophysical characterization of the transduction channel proceeded briskly-with the channel's ionic permeability, gating, and kinetics quickly being established (Fettiplace and Kim, 2014)-specification of the molecules that make up the channel's ionic pore has been extremely challenging. Indeed, molecular identification has lagged far behind that of key transduction molecules in other sensory systems (Corey and Holt, 2016; Wu and M€ uller, 2016) . Notably, numerous transduction-channel candidates initially appeared promising but then failed to meet key criteria.
In 2011, Jeff Holt, Andy Griffith, and their colleagues showed that two members of the transmembrane channel-like family of proteins, TMC1 and TMC2, were essential for hair-cell mechanotransduction (Kawashima et al., 2011) . Subsequent experiments demonstrated that TMC expression influenced transduction-channel conductance and ion permeability and that TMCs localized to stereocilia distal ends at the base of the tip link, where transduction channels are found. Together, these and related data could be interpreted to mean that TMCs are the transduction channel's pore (Corey and Holt, 2016) , although not all were ready to agree (Wu and M€ uller, 2016) .
So, what would constitute incontrovertible evidence for TMCs as the transduction channel? A key shortcoming to the argument has been the lack of evidence that TMCs fold into a channel-like structure; moreover, no evidence shows that specific residues of the TMCs are located within the pore.
In this issue of Neuron, Holt, Corey, and colleagues (Pan et al., 2018) address both of those points. First, they show that the TMCs form as dimers and that they likely adopt the structure of the TMEM16 family of ion channels and phospholipid scramblases, also dimers. A similar conclusion was reached by another group (Ballesteros et al., 2018) . While the TMC family was previously shown to be part of the superfamily that includes the TMEM16 molecules (Hahn et al., 2009 ), both recent papers provided more compelling evidence that the transmembrane helix topology of the two families was similar. Because several structures have been reported for TMEM16 family members, homology modeling of TMCs using these known structures allowed for TMC1 structure predictions, albeit highly provisional ones that await an authentic structure.
The homology modeling alone is unlikely to convince TMC skeptics that these proteins form the pore of the transduction channel, however. To provide more compelling evidence for this proposal, the Holt and Corey group used selective inhibition of TMC1 cysteine mutants, a strategy that follows the logic used previously to investigate the hair cell's adaptation motor (Holt et al., 2002) . Three conditions need to be met: (1) a chemical that modifies or interacts with a specific amino-acid residue, e.g., methanethiosulfonate (MTS) reagents and cysteine, does not affect wild-type transduction; (2) substitution of a specific site with the reactive residue, e.g., cysteine, also does not affect transduction; but (3) MTS reagents block transduction in hair cells expressing the mutant protein. If these results are seen with a given residue-chemical pair, then one can reasonably conclude that the mutated protein (and, logically, the wild-type protein) plays an integral role in transduction. If the residue is within the pore of a channel, then the chemical may only react if applied on one side of the membrane. Likewise, if the modifying chemical is charged, then reactivity with a residue within the electric field of the membrane (e.g., deep within the channel's pore) will be affected by the transmembrane voltage. Both results could be used to further support the argument that the protein contributes to a ion-channel pore.
Using this strategy, Pan et al. (2018) substituted cysteines for residues of Tmc1 that the homology model predicted would be near the TMC1 pore. Using viruses to introduce the mutant Tmc1 constructs into hair cells lacking TMC1 and TMC2 proteins, they showed that in most cases these cysteine mutant TMC1 molecules rescued the double-knockout phenotype ( Figure 1A ). While MTS reagents did not affect wild-type transduction, several cysteine mutants rapidly and effectively blocked transduction only when applied from the extracellular side of the hair cell's plasma membrane ( Figure 1B) . Strikingly, not only did transmembrane voltage affect the ability to block the channel for some mutants, but inhibition of the cysteine mutants altered the Ca 2+ permeability of the transduction channel. Both of these results suggest that the mutation sites are integral to the pore of the channel, consistent with structural predictions. Moreover, Pan et al. (2018) used nonstationary noise analysis, a rigorous technique for counting channels and measuring single-channel currents, which indicated that the effect of cysteine inhibition was to reduce current in each channel but not to alter channel number. This result fits with modifications of cysteine within the channel's pore, which may only partially obstruct the channel. Blocking the channel with the inhibitors dihydrostreptomycin or amiloride prevented modification by MTS reagents ( Figure 1C ), as did closing channels by holding the bundle in a negative position. Both effects strongly suggest that the mutated residues are within the channel's pore. While some might argue that all of these effects are indirect, resulting from conformational changes propagated from the TMCs to the ''actual'' pore, by far the simplest explanation is that TMC1 contributes transmembrane domains to the transduction channel's pore.
To conclude definitively that the TMCs constitute the pore of the transduction channel, what's left? While the Pan et al. (2018) experiments are compelling, questions do remain. First, demonstration in a heterologous system that the TMCs can conduct ions, with or without accessory proteins, still must be carried out. And second, what are the roles for those accessory proteins? The small transmembrane-domain protein TMIE is essential for mechanotransduction, but its relationship to the TMCs and other components of the transduction apparatus is far from certain. Likewise, the role of LHFPL5 (and perhaps its paralog LHFPL4) and its interactions with the TMCs needs to be investigated further. Third, a homology model is not an atomic structure, and we must await the establishment of a TMC1 structure that allows definitive tracing of the ion permeation pathway. Finally, how does tension in the tip link propagate to the TMCs and, if they are indeed the pore, open the channel? Although these questions will keep auditory neuroscientists busy for some time to come, the results reported here by Pan et al. (2018) provide persuasive data showing that TMCs are at the heart of the transduction channel, indeed most likely forming the pore of the channel. Perhaps the long search for the transduction channel is finally over.
